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The effect of ischemia on renal blood flow in the dog. Renal
blood flow (RBF) and the distribution of cortical blood flow
(microspheres) were measured in the dog after 90 mm of total
unilateral renal ischemia. RBF was 2l% greater than control
2 mm after release of the renal artery occlusion, and returned
toward control 60 mm later. At 2 mm after release there was a
small but significant increment in deep cortical blood flow which
reverted to control by 60 mm. When renal artery occlusion was
maintained for 180 mm, return of blood flow was blunted at
2 mm after release of the occlusion, but was not significantly
different from control within 10 mm after release. Clearance
rates of inulin and para-aminohippurate (CIN and CPAH) were 81
and 82% below control after release of occlusion. These data
demonstrate that in the dog there is prompt and complete return
of blood flow to or above control levels after complete renal
artery occlusion. There was no evidence for the "no-reflow"
phenomenon.
Effets de l'ischémie sur le debit sanguin renal chez le chien. Le
debit sanguin renal (RBF) et Ia distribution du debit sanguin
cortical (microsphères) ont été mesurés chez le chien après
90 minutes d'ischémie rénale totale unilatérale. Le RBF est
supérieur de 21 % a la valeur contrôle deux minutes aprés l'arrét
de l'occlusion artérielle rénale et rejoint Ia valeur contrôle
60 minutes plus tard. A la deuxiéme minute aprés l'arrêt de
l'occlusion, on observe une augmentation modérée mais signi-
ficative du debit cortical profond, lequel revient aux valeurs
contrôles aprés 60 minutes. Quand l'occlusion est maintenue
pendant 180 minutes, la réapparition du debit n'est pas décelable
deux minutes aprés l'arrêt de l'occlusion, mais a dix minutes le
debit n'est pas significativement different des valeurs contrôles.
CIN et CPAH sont de 81 et 82% inférieurs aux valeurs contrôles
aprés l'arrêt de l'occlusion. Ces résultats démontrent qu'il y a
chez le chien une restauration rapide et complete du debit san-
gum aux valeurs contrôles, ou au-dessus de ces valeurs, après
une occlusion artérielle rénale complete. 11 n'y a pas de preuve
de phénomene d'absence de nouveau debit.
The renal hemodynamic response to ischemia is of
both physiological and clinical interest. There are
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divergent observations on the extent of return of renal
blood flow after ischemia. Some investigators [1] sug-
gest that renal blood flow returns promptly to control
levels after periods of ischemia lasting one to three
hours. On the other hand, a number of studies indicate
that renal blood flow remains markedly reduced after
relief of arterial obstruction ("no-reflow" phenome-
non) [2—6].
In many of these reports, indirect or relatively crude
methods were used to measure renal blood flow. More-
over, the recent experiments which provide the
strongest evidence for "no-reflow" were performed in
the rat. It seemed desirable to evaluate the general
significance of this phenomenon by studying another
species. The dog was chosen because of the additional
advantage that its size permitted direct and quanti-
tative estimates of renal blood flow using an electro-
magnetic flowmeter. We found that in the dog there is
prompt and complete return of blood flow to or even
above control levels after renal artery occlusion.
Methods
Experiments were performed on mongrel dogs
weighing 11 to 17 kg which were deprived of water for
12 to 16 hr. Anesthesia was induced i.v. with pento-
barbital, 30 mg/kg, and additional doses were ad-
ministered as needed during the experiment. Respira-
tion was assisted with a small animal respiratory pump
through an endotracheal tube. A 2-mm I.D. polyvinyl
catheter was advanced through the right axillary
artery into the left ventricle for microsphere injection.
A polyethylene catheter was inserted into a foreleg
vein for the infusion of inulin and para-aminohip-
purate (PAH). Two polyethylene catheters were
placed in the aorta via the femoral artery; one for
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blood sampling and the other, placed above the renal
arteries, for continuous monitoring of blood pressure.
Through bilateral flank incisions both ureters were
catheterized near the renal pelvis. In all experiments
an appropriately sized (2.5 to 3.5 mm I.D.) flow probe
(Biotronex 5000 series) was placed around the renal
artery and a polyvinyl balloon was positioned on the
renal artery beyond the flow probe; this balloon was
used for zero calibration of the flow probe and also for
complete renal artery occlusion when appropriate to
the experimental protocol.
Determination of renal blood flow was made with a
flowmeter (Biotronex 610) and a recorder (Hewlett-
Packard 7702B). Although renal blood flow was
measured continuously throughout the experiment, for
statistical purposes and for presentation, the mean
value for each control clearance period was calculated.
In the first few minutes after release of the occlusion,
renal blood flow was changing rapidly; we have
arbitrarily chosen to present the values for renal blood
flow at two and ten minutes after release. After this
period, flow became quite stable, and we have re-
ported the mean value 60 mm after release of obstruc-
tion to represent this later period. After each experi-
ment the flow probe was calibrated in place against
direct collections of blood from a catheter inserted into
the renal artery. Arterial blood pressure was measured
with a pressure transducer (Hewlett-Packard series
1280) and recorded continuously.
Experimental procedures. In eight dogs, after comple-
tion of surgery heparin was administered i.v. in a
single bolus, 200 U/kg, and samples of four control
clearance periods were obtained. After the control
collections, one renal artery was totally occluded for
90 mm and clearance rates were obtained in the contra-
lateral, nonischemic kidney during this period. The
renal artery occlusion was then completely released,
and after 15 mm, clearance measurements were ob-
tained again bilaterally. In six of these eight dogs,
microspheres were injected during the control period
and at 2 and 60 mm after release of the occlusion. In
five additional dogs no heparin was given; only renal
blood flow and blood pressure were measured in these
animals, before and after 90 mm of complete renal
artery occlusion.
The effect of 180 mm of occlusion was studied in
five dogs, two of which received heparin. Only renal
blood flow and blood pressure were measured in these
animals and the results were not different in the two
which received heparin.
In five separate dogs, renal blood flow was monitored
by flowmeter in the nonischemic kidney. The contra-
lateral renal artery was occluded with a balloon.
Microspheres were injected during the control period,
after 80 of the 90 mm of total unilateral renal ischemia
and 60 mm after release of the occlusion.
In each of the experimental procedures above, 85Sr-,
'41Ce- and 51Cr-labeled microspheres (15 , 3 M
Company, St. Paul, MN), suspended in l0% dex-
tran were injected in random order. After suspension
with an ultrasonic probe, 4 to 8 x 10 spheres of each
isotope, containing about 10 LCi was rapidly injected
and the catheter was flushed with 10 ml of saline.
1) Tissue preparation for microspheres. Each kidney
was removed and, after excess fat had been trimmed,
weighed and rapidly frozen in a dry ice-acetone bath.
A sagittal slice 2 to 5 mm thick was cut and the cap-
sule removed. The slice was further divided into ten
wedges approximately 5 mm wide by cuts perpendi-
cular to the cortical surface. The cortical thickness was
measured and each wedge was cut with a special block
preset to divide the cortex into four equal zones, I
(superficial) through IV (juxtamedullary), parallel to
the surface. Each small cortical piece was promptly
weighed on a balance (Roller-Smith) and placed in a
gamma-counting tube. Radioactivity was determined
for each cortical piece and a mean value was obtained
for each cortical zone. The remaining large portion of
kidney was weighed and cut into approximately 1-g
pieces; the radioactivity from these pieces was added
and used to determine the radioactivity for the whole
kidney. Radioactivity for all samples was determined
with a three-channel gamma-spectrometer (Packard).
2) Extraction and localization of microspheres. To
verify the validity of the use of microspheres in deter-
mining cortical blood flow distribution after ischemia,
the extent of renal extraction and the localization of the
spheres were determined. Three dogs were subjected to
60 mm of total renal artery occlusion. Sixty minutes
after release of the occlusion, microspheres were in-
jected as described above. Immediately before injec-
tion and for the next one to two minutes, aortic blood
at the level of the renal arteries and renal vein blood
was sampled simultaneously at 30 mI/mm through
previously placed catheters using a withdrawal pump.
Radioactivity of aliquots of these blood samples was
determined in a gamma-spectrometer.
Immediately after the blood samples were obtained,
the ischemic kidney was removed. Serial sections of
10 to 12 thickness from the cortex, medulla and
papilla were prepared and stained with hematoxylin-
eosin to facilitate recognition of the microspheres. The
position of 100 spheres was determined in cortical
sections from each dog (50 to 75 sections) and re-
corded as either intra- or extraglomerular. A similar
number of sections of medulla and papilla was ex-
amined for the presence of spheres.
Calculations. a) The percent distribution of cortical
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blood flow, P (uncorrected for zonal volume) was de-
termined by the following formula:
P(%) =
qT
where q, =mean counts/min/g for a particular cortical
zone; q= sum of each q, from cortical zones I through
Iv.
b) Zonal blood flow f to each cortical zone was de-
termined by the following formula:
f (ml/min/g) = x RBF,
where Q=mean counts/min/g for whole kidney;
RBF =renal blood flow as determined by flowmeter.
c) Renal resistance R was determined from the
following formula: .______________________________________ -
R H — arterial blood pressure(mmHg) Fig. 1. The effect of 90 miii of unilateral total renal artery occlu-mm g1m 1min3 — renal blood flow (mi/mm) sion on renal blood flow of the ipsilateral kidney.
Results
Efft'ct of 90 mm of complete unilateral renal artery
occlusion on renal hemodynamics. Data from the eight
heparinized dogs in which blood flow to the ischemic
kidney was measured before and after 90 mm of com-
plete renal artery occlusion are presented in Table 1.
Two minutes after release, renal blood flow was 2l%
higher than control (P<0.0l). Ten minutes after re-
lease, the increase in blood flow was even greater, but
by 60 mm mean renal blood flow had returned towards
the control values. In Fig. 1 blood flow 2 and 60 mm
Table 1. The effect of 90 mm of renal artery occlusion on renal hemodynamics
Renal
blood
flow
Blood
pressure
mm Hg
Renal re-
sistance
mm Hg!
Cortical distribution, % Zonal blood flow, ml/min/g
I II III IV I 11 III IV
mi/mu mi/mm
N 8 6 6
Control 163±9 120±4 0.75±0.05 35.6±3.3 31.9±2.3 21.2±1.4 11.3±1.5 7.0±1.2 6.0±0.5 4.0±0.4 2.1±0.3
2-mm after
release 196± 12° 125±6 0.65 25.7± 1•6b 31.1 27.2± l.6 16.1 5.6±0.5 6.7±0.5 5.9±0.5° 3.9± 1.1
10-mm after
release 219 128±6° 0.61
60-mm after
release 189±17 123±4 0.68±0.06 36.4±2.8 32.5± 1.? 22.6±1.6 8.5±2.6° 8.2±1.1 7.6±1.2 5.4±0.9 1907d
aP<0.0l.
p<0.05.
P<0.05 compared with 2 mm after release.
P<0.0l compared with 2:mmn after release.
160
Mm after releaseControl
2 60
140-
120
0
00
.0
'505,
0
00
C)
C.-0 80
60
Inulin, PAH, sodium and plasma proteins were de-
termined as previously described [7]. Student's t test
was used to determine statistical significance. All
values are given as means SEM.
after release is shown as % of control for each of the
eight experiments. Blood flow at two mm after release
was above the control level in seven of the eight experi-
ments. It was still elevated in five experiments 60 mm
after release of occlusion, although mean flow at this
time was not significantly increased. Blood pressure
was not significantly different from control at 2 and
60 mm; a slight but significant (P <0.05) increase was
noted at 10 mm. Renal resistance tended to be reduced
throughout the observation period, and the reduction
was significant at two and ten minutes after release.
Resistance was reduced well below control at two
minutes in five of eight experiments and was slightly
reduced in two others.
In five experiments heparin was not given (Table 2).
Renal blood flow at 2, 10 and 60 mm after release of
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Table 2. The effect of renal artery occlusion for 90 mm on renal
hemodynamics in nonheparinized dogsa
bi
Renal
ood flow
mI/mm
Blood
pressure
mm Hg
Renal
resistance
mm Hg/mi/mm
Control 171±21 107±6 0.66±0.08
2-mm after release 187 30 120 7' 0.72 0.13
10-mm after release 215 132± 10" 0.73±0.15
60-mm after release 189 43 120 9" 0.77 0.17
aN=5
bp<005
renal artery occlusion was 6, 21 and 6% greater than
control, respectively, although these increases were not
statistically significant because of considerable vari-
ability. Blood pressure in these dogs was significantly
elevated throughout the period of observation. Cal-
culated resistance was unchanged.
EJjct of 180 miii of complete unilateral renal artery
occlusion on renal hemodynamics. In five experiments
renal artery occlusion was maintained for 180 mm
(Table 3). Renal blood flow at two and ten minutes
after release appeared to be somewhat below control
Table 3. The effect of 180 mm of renal artery occlusion on renal
hemodynamics°
Renal
blood flow
mi/mm
Blood
pressure
mm fIg
Renal
resistance
mm Hg/ml/min
Control 209 22 121 5 0.60 0.05
2-mm after release 153 12" 135 7 0.92 0.1 1"
10-mm after release 161 21 134 6 0.89 0.12
60-mm after release 201 28 121 6 0.66 0.12
a N=5.
OP<0.05.
but this was significant only at two minutes. Even at
this time, however, flow was still 76% of the control
value.
Cortical blood flow distribution after complete renal
artery occlusion. The alterations in distribution of
cortical blood flow are recorded in Table 1. At two
minutes after release of occlusion, there was a statistic-
ally significant decrease in the % of blood flow to
zone I while % flow to zone Ill was significantly in-
creased. In terms of absolute tissue flow, only the in-
crement in zone 111 was significant. By 60 mm after
release, however, blood flow distribution was not
different from the control state.
To verify the validity of the use of microspheres in
determining cortical blood flow distribution after
ischemia, renal extraction and localization of the
spheres was determined in three dogs. Extraction was
greater than 97% in each dog. Over 96% of the
spheres was found within glomeruli in each animal.
No spheres were seen in the sections of medulla or
papilla.
Clearances after complete renal artery occlsuion. mu-
lin and PAH clearances were obtained in the eight ex-
periments already described (Table 1) and in five other
dogs treated identically except that the flow probe was
placed on the renal artery of the nonischemic kidney
(see Methods). Three 20-mm periods were obtained,
beginning 15 mm after release of the occlusion. The
data from these 13 experiments are summarized in
Table 4. In the ischemic kidneys, urine volume was re-
duced by more than 50% as compared to control dur-
ing the 60 mm after release; in three of these dogs no
urine could be obtained at all. Inulin clearance de-
creased 85% (P <0.01) and PAH clearance decreased
proportionately(P< 0.01). The clearance values for the
individual experiments after release, expressed as a
of control, are presented in Fig. 2. In each individual
Table 4. Clearance measurements
Urine volume
mI/mm
CIN
ml/min
CPAH
mI/mm
CIN/CFAH UNaV
jEq/min
Ischemic kidney
(N=13)
Control
Occlusion
Release
0.15±0.02
—
0.06±0.02"
34±1
—
5± lb
80±6
—
12±3"
0.42±0.03
—
0.44±0.03
16±4
9±3
Nonischemic kidney
(N=l3)
Control
Occlusion
Release
0.14±0.02
0.37±0.18°
0.24±0.07°
35±2
36±2
32±2
83±7
80±8
65±5°
0.44±0.03
0.47±0.02
0,50±0.02
17±4
43±20'
27±10
"crn CPAfl = the clearance of inulin and para-aminohippurate; UNaV = urinary sodium excretion.
bp<OOl
cP<0.05.
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I AfterControl
release
AfterControl
release
experiment, the fractional decreases in inulin and PAH
clearances were in close agreement.
Effect of complete unilateral renal artery occlusion on
the nonischemic kidney. In five dogs, while unilateral
renal artery occlusion was maintained for 90 mm,
blood flow as measured by flowmeter in the nonische-
mic kidney (Table 5) fell slightly but significantly from
150 to 140 mi/mm (P <0.05). Renal blood flow gradu-
ally returned toward control during the 60 mm after
release. The changes in blood pressure are similar to
those in the previous eight experiments in that there is
a slight but significant increase in arterial blood pres-
sure shortly after release of the occlusion. No signi-
ficant alteration in % distribution of cortical blood
flow (Table 5) was noted during occlusion or 60 mm
after release. The slight decrease in whole kidney blood
flow during occlusion was reflected in slight but signi-
ficant decreases in absolute blood flow to zones II and
III. The clearance data from the nonischemic kidney in
these five experiments and the eight experiments in
Table 1 are presented in the lower one-half of Table 4.
Urine volume increased during contralateral occlusion
and remained slightly increased after release. Sodium
excretion was small but increased during the occlusion
of blood flow to the other kidney. Inulin clearance was
not altered significantly during the experiment. PAH
clearance also remained stable during the occlusion,
but fell significantly to 78% of control during the re-
lease period.
Discussion
In our experiments in the dog, quantitative measure-
ment reveals that renal blood flow is not reduced after
release of 90 mm of renal artery occlusion, but in fact
promptly returns to and even exceeds control values.
These findings are clearly different from recent work of
others in the rat [2, 3]. It seemed conceivable that col-
lateral circulation is extensive enough in the dog to
prevent ischemic changes despite complete occlusion
of the renal artery. To test this possibility, the total
amount of microspheres delivered to the ischemic kid-
ney while the renal artery was still occluded was com-
pared to the amount delivered to the contralateral,
nonocciuded kidney. Microsphere radioactivity in the
cortex was at background levels. The radioactivity
level in large pieces of whole kidney, including cortex,
medulla and papilla, was at or very close to back-
ground. Thus, there is little doubt that the ischemic
kidney was deprived of its blood supply during renal
artery occlusion.
The total amount of microspheres delivered after re-
lease to the ischemic kidney as compared to the non-
ischemic kidney can be used as an independent check
Table 5. The effect of 90 mm of renal artery occlusion on renal hemodynamics in the nonocciuded kidney
Renal
blood
flow
Blood
pressure
mm Hg
Renal re-
sistance
mm Hg!
Cortical distribution, % Zonal blood fiow, ml/min/g
I II III IV I I III IV
mi/mm mi/mm
N= 5
Control 151 112±7 0.77±0.07 40.2±3.1 33.0±2.4 18.1 8.7±1.3 7.7±1.2 6.2±0.8 3.3±0.2 1.6±0.1
Occlusion 140±150 121±9 0.88±0.05 42.3±2.2 31.6±1.9 17.9±1.0 8.1±1.0 7.2±0.8 5.3±0.60 2.9±0.20 1.4±0.3
2-mm after 140±l4a 125±80 0.90±0.040
release
10-mm after 146±18 128±9" 0.91
release
60-mm after 149± 19 113±8 0.79±0.07 40.7±1.0 33.8±2.0 16.7±0.9 8.7± 1.0 7.5±0.8 6.1±0.8 3.0±0.3 1.6±0.3
release
0 P<0.05.
"P<0.01.
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Fig. 2. The effect of 90 mm of renal artery occlusion on the clear-
ance of inn/in and para-aininohippurate (PA H).
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on the validity of our flowmeter observations. The
amount of microspheres delivered to the ischemic kid-
ney two minutes after release was 1.18 0.13 times the
amount delivered to the contralateral nonischemic
kidney. Flowmeter data from these six experiments
show renal blood flow two minutes after release to be
1.22±0.08 of control value. This is strong independent
evidence for the validity of our flowmeter observations
that there is more than complete return of blood flow
after 90 mm of ischemia.
In the studies [2, 3] in which "no-reflow" was de-
monstrated, the rats were heparinized, as were the dogs
in most of our experiments (Table 1). However, in one
series of experiments, Summers and Jamison [3] found
that heparinization prevented "no-reflow" after
15 mm of occlusion. It seemed possible that intra-
vascular coagulation might be critical in the develop-
ment of the phenomenon in dogs even after more
prolonged ischemia. To test this possibility, the experi-
ments in Table 2 were performed. Blood flow returned
promptly to or above control as in heparinized dogs.
However, blood pressure in the nonheparinized dogs
increased more than in the heparinized group. Hence,
renal vascular resistance did not fall in the nonhepar-
inized dogs. We are not able to explain this difference
between the two groups. In any case, there was no
evidence of "no-reflow" in the nonanticoagulated
group.
in the studies in rats in which "no-reflow" was de-
monstrated [2, 3], renal blood flow was stopped for as
little as 60 mm. Although our initial experiments
showed good reflow after 90 mm, it seemed possible
that the dog kidney vasculature is more resistant to
ischemic injury than rat kidney tissue. We therefore
subjected five animals to three hours of unilateral renal
artery occlusion. Although transiently reduced by
about 25%, renal blood flow 10 and 60 mm after re-
lease was not different from control. Thus, even a
period of occlusion two to three times as long as that
used in rat experiments in which "no-reflow" was
demonstrated failed to elicit significant, persistent re-
duction in renal blood flow in dogs. The species
difference cannot be explained by minor variations in
the resistance of renal vasculature to ischemic damage.
Previous investigations of blood flow to dog kidney
after a period of ischemia yield conflicting results.
Phillips and Hamilton [1] used PAH extraction to
measure renal plasma flow after renal ischemia, pro-
duced by clamping the renal artery in an uninephrecto-
mized dog for periods up to two hours. Renal plasma
flow, measured 90 to 120 mm after release of the occlu-
sion, averaged 81 to 85 % of the pre-ischemic flows,
whether the period of ischemia had been 20, 60 or
120 mm. These workers concluded that renal blood
flow was quickly resumed, nearly at the pre-ischemic
rate, after release of arterial obstruction. On the other
hand, Selkurt [4], measuring blood flow directly by
means of a cannula in the renal vein, found in four dogs
that 20 mm of unilateral renal artery occlusion resulted
in increased renal resistance after release. Other studies
in the dog have used explanted kidneys [6], kidneys
suspended from a strain gauge transducer and in which
the renal vein is periodically occluded [8] or isolated
and suspended kidneys [5]. In all of these studies, there
was increased renal resistance and impaired renal blood
flow after 20 mm or more of ischemia.
In rabbits, no quantitative information is available,
but Sheehan and Davis state [9] that if the period of
ischemia has been two hours or less, circulation is
usually reestablished through the kidney and is subse-
quently maintained. Daniel, Prichard and Ward-
McQuaid [10] also studied renal artery occlusion in
rabbits, but have provided no immediate studies of
blood flow after release. They note, however, that
". . . the immediate effect of the removal of the clamp
at the end of the two-hour period was striking. The
kidney was seen to change rapidly in colour from purple
to pink."
Recent studies performed in rats are directly perti-
nent to this discussion. Summers and Jamison [3] noted
that a suspension of carbon particles did not flow
through the rat kidney when injected after 60 mm of
total renal ischemia and inferred that renal blood flow
was markedly reduced. Following the views of Flores
et al and Leaf [2, 11], they suggested that the funda-
mental event in total renal ischemia is swelling of
capillary endothelial cells due to anoxia; the swollen
cells compress the capillary lumina and thereby trap
erythrocytes. As a consequence, the recovery of the
renal circulation is delayed after cessation of ischemia,
thus prolonging its effects. Flores et al [2] also studied
the effect of ischemia on the return of blood flow in
rats. They used another semi-quantitative method,
visualization of the vascular pattern of the kidneys
with silicone rubber. They found a diffuse patchy
ischemia throughout the kidney after release of com-
plete arterial obstruction of 60 to 180 mm duration.
Electron microscopic studies of the ischemic kidney
showed that all cellular elements were swollen. Flores
et at [2] measured endothelial cell thickness and found
that the increase in thickness of these cells would re-
duce the cross-sectional area of capillary lumina by
about 20%. These workers also noted that hypertonic
solute improved the vascular filling pattern. They con-
cluded that "no-reflow" is due to obstruction of
capillaries by swollen endothelial cells, which can be
relieved by osmotically-induced cell shrinkage. In a
recent report, Daugharty et al [12], using micropunc-
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ture techniques in Wistar-Munich rats with surface
glomeruli, found that glomerular plasma flow was re-
duced by about one-third below the control value after
relief of three hours of nearly complete occlusion of
the renal artery. The semi-quantitative data of Summers
and Jamison [3] and Flores et al [2] suggest that
blood flow was reduced to a much greater degree.
However, occlusion was complete in these studies,
whereas ischemia was severe but incomplete in the
experiments of Daugharty et al [121.
In summary, recent semi-quantitative observations
in the rat indicate that renal blood flow remains strik-
ingly reduced after release of total arterial occlusion.
Qualitative observations in the rabbit suggest that
flow is restored promptly. Previous work in the dog
has led to conflicting conclusions. Our own experi-
ments show that renal blood flow returns promptly to
or above the control level after release of 90 to 180 mm
of complete renal artery occlusion. Obviously, these
data in no way directly refute the observations in rats.
They do, however, indicate that "no-reflow" is not a
universal phenomenon after prolonged renal ischemia.
Although there is no evidence that functionally sig-
nificant vascular damage results from ischemia in the
dog, there is indirect evidence that tubular cell damage
may be produced by 90 mill of renal arterial occlusion.
We found that the clearances of inulin and PAH are
markedly reduced after ischemia (Table 4, Fig. 2).
Direct measurements by means of the flowmeter
showed that renal blood flow was at or above control
at a time when PAH clearance was about 20% of con-
trol. Our data are in good agreement with previous
work by Phillips and Hamilton [1], who found that
PAH extraction fell from 0.85 to 0.22 after a period of
ischemia.
There are several possible explanations for this
marked discrepancy between clearance and flowmeter
measurements. The reduction in clearance could be
secondary to arteriovenous shunt pathways, tubular
obstruction, impaired tubular secretion or back-diffu-
sion through damaged epithelial cells. Our experiments
demonstrating over 97% extraction of microspheres
and over 96% glomerular localization of the spheres
with none in the medulla or papilla are strong evidence
against the possibility of the development of arterio-
venous shunt pathways. Obstruction likewise seems
unlikely since lissamine green injections in four dogs
during the postischemic period revealed tubular filling
and emptying in most of the tubules on the surface of
the kidney. Loss of function in over 80% of the ne-
phrons would have been required to account for the
markedly decreased clearances. Impaired tubular
secretion is also unlikely as the sole explanation since
there was a proportionate reduction in both inulin and
PAH clearances. In addition, Reimer and Jennings [13]
have demonstrated that after one hour of ischemia,
kidney slices were capable of normal uptake of PAH.
The most likely explanation for the discrepancy be-
tween the clearance and flowmeter measurements is
back-diffusion through damaged epithelial cells. Sup-
port for this hypothesis is found in the recent publica-
tions of Tanner, Sloan and Sophasan [14] and
Eisenbach and Steinhausen [15], who demonstrated
loss of inulin from the proximal tubule of the rat by
micropuncture after 60 mm of arterial occlusion.
Our principal conclusions are, therefore, that there
is no evidence for functionally significant ischemic
damage to the renal vasculature but that there is some
evidence for functional injury to tubular epithelium.
Beyond these major conclusions, two other points of
some interest should be noted. First, previous studies
have shown that a disproportionate fraction of the in-
crease in renal blood flow induced by vasodilators
occurs in the deeper zones of the cortex [15—17]. Our
observations indicate that hyperemia after release of
renal artery obstruction also occurs, principally in the
deeper parts of the renal cortex. As seen in Table 1,
during the hyperemia which occurred two minutes
after the renal artery clamp was opened, fractional and
absolute increases in flow were exclusively found in
zones III and IV. We have no information about the
mechanism of the reduction in renal vascular resist-
ance in the inner cortex in the postischemic period in
our studies. However, Herbaczynska-Cedro and Vane
[18] have recently shown that indomethacin will block
hyperemia after three minutes of renal artery occlusion
in the dog, and suggested that prostaglandins secreted
during ischemia cause postocclusive hyperemia.
Finally, data in Tables 4 and 5 confirm other ob-
servations [19, 20] with respect to changes in the con-
tralateral kidney when one renal artery is occluded. As
others have found [20], there was a modest increase in
sodium excretion by the contralateral kidney, approxi-
mately sufficient to keep total sodium excretion by the
dog constant. These workers also showed that the
natriuresis is not due to increased filtration rate or
renal blood flow; our observations are in agreement.
From the data in Table 5, and other recently published
data [20], we can add that there are no major shifts in
distribution of blood flow within the cortex which can
explain the increase in sodium excretion in the contra-
lateral kidney.
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